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SUBSTRATE TRANSFER APPARATUS AND
SUBSTRATE TRANSKFER METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. 2019-126173, filed on Jul. 3, 2019, the entire
contents of which are imcorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a substrate transier
apparatus and a substrate transier method.

BACKGROUND

Japanese Patent Application Publication No. 2001-
319842 discloses a multi-cluster tool including four pro-
cessing chambers each for, e.g., a physical vapor deposition
(PVD) process. In this multi-cluster tool, a first transfer
space and a second transier space, each having a robotic
waler transier mechanism, are connected through a pre-
clean chamber. The pre-clean chamber also serves as a
pass-through chamber through which a wafer 1s transierred
between the first transier space and the second transier
space.

The techmique of the present disclosure 1s provided to
scale down a substrate transier apparatus in which multiple
vacuum transier chambers are connected through an inter-
mediate chamber.

SUMMARY

In accordance with an aspect of the present disclosure,
there 1s provided a substrate transier apparatus for transier-
ring a substrate, including: a plurality of vacuum transier
chambers, each having therein a substrate transier mecha-
nism for holding and transferring the substrate; and an
intermediate chamber disposed between the vacuum transfer
chambers adjacent to each other. When one of the vacuum
transier chambers adjacent to each other 1s set as a first
vacuum transfer chamber and the other 1s set as a second
vacuum transier chamber, a first substrate loading/unloading,
port 1s disposed between the mtermediate chamber and the
first vacuum transfer chamber and a second substrate load-
ing/unloading port 1s disposed between the intermediate
chamber and the second vacuum transfer chamber. Further,
a gate valve 1s provided for the second substrate loading/
unloading port between the first substrate loading/unloading,
port and the second substrate loading/unloading port, and
the first substrate loading/unloading port and the second
substrate loading/unloading port have different height posi-
tions.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and features of the present disclosure will
become apparent from the following description of embodi-
ments, given 1 conjunction with the accompanying draw-
ings, in which:

FIG. 1 1s a schematic plan view showing an example of
a processing system including a vacuum transier apparatus
as a substrate transier apparatus according to an embodi-
ment;

FI1G. 2 1s a vertical cross-sectional view of an intermediate
chamber and neighboring components thereof;
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FIG. 3 1s a vertical cross-sectional view of a temperature
control chamber and neighboring components thereof;

FIG. 4 1s a horizontal cross-sectional view of the inter-
mediate chamber, the temperature control chamber and
neighboring components thereof, including a cross section
taken along a line IV-IV of FIG. 2 and a cross section taken
along a line IV-IV of FIG. 3;

FIG. 5 1s a horizontal cross-sectional view of the inter-
mediate chamber, the temperature control chamber and
neighboring components thereof, including a cross section

taken along a line V-V of FIG. 2 and a cross section taken
along a line V-V of FIG. 3.

DETAILED DESCRIPTION

In a semiconductor device manufacturing process, various
processes such as film formation and the like are performed
on a semiconductor wafler (heremaiter, referred to as
“water”) 1 individual vacuum processing chambers. The
film formation and the like are performed on one wafer
multiple times, 11 necessary. Therefore, there 1s suggested a
processing system capable ol consecutively performing
various processes on a waler without exposing the water to
the atmosphere by connecting vacuum processing chambers
for performing the same process or different processes
through a common vacuum transfer apparatus in order to
improve a throughput or the like. The vacuum transfer
apparatus 1s an apparatus that transiers the waler in a
vacuum atmosphere.

In the above-described processing system, an apparatus in
which multiple vacuum transfer chambers, each having a
transier mechanism for holding and transferring a water, are
connected through an intermediate chamber may be used as
the vacuum transier apparatus. For example, in the multi-
cluster tool disclosed 1n Japanese Patent Application Publi-
cation No. 2001-319842, the first transier space and the
second transfer space, each having the robotic water transfer
mechanism, are connected through the pre-clean chamber
serving as the pass-through chamber.

Further, in the conventional vacuum transfer apparatus in
which the multiple vacuum transfer chambers are connected
through the intermediate chamber as described above, gate
valves are disposed at both ends of the intermediate chamber
in a direction that the vacuum transfer chambers are con-
nected.

Due to the presence of the intermediate chamber 1n the
vacuum transier apparatus, the water W can be transierred
between the transier chambers without passing through the
vacuum processing chamber. However, the footprint of the
vacuum transier apparatus increases, which leads to an
increase 1n the footprint of the processing system including
the vacuum transfer apparatus.

Therefore, the technique of the present disclosure 1s
provided to scale down a substrate transier apparatus in
which multiple vacuum transfer chambers are connected
through an intermediate chamber.

Hereinatfter, a configuration of a substrate transier appa-
ratus according to an embodiment will be described 1n detail
with reference to the accompanying drawings. In the speci-
fication, like reference numerals will be given to like parts
having substantially the same functions and redundant
description thereol will be omitted.

FIG. 1 1s a schematic plan view showing an example of
a processing system including a vacuum transier apparatus
as a substrate transfer apparatus of the present embodiment.
Hereinafter, the case where a processing system 1 1s used for
manufacturing a magnetoresistive element and includes
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vacuum processing chambers each performing a predeter-
mined process, €.g., film formation, on a water W as a
substrate will be described.

The processing system 1 has a configuration in which a
cassette station 10 for loading and unloading a cassette C
capable of accommodating a plurality of waters W and a
processing station 11 including multiple processing modules
cach performing film formation on the walers W are inte-
grally connected. The cassette station 10 and the processing
station 11 are connected through two load-lock chambers 12
and 13. The load-lock chambers 12 and 13 connect a vacuum
transier apparatus 30 and an atmospheric pressure transier
apparatus 21 to be described later. An inner atmosphere of
cach of the load-lock chambers 12 and 13 can be switched
between an atmospheric pressure state and a vacuum state.

The cassette station 10 includes a cassette mounting table
20 and the atmospheric pressure transier apparatus 21. The
cassette station 10 may further include an orienter (not
shown) for adjusting the orientation of the waler W.

The cassette mounting table 20 1s disposed at one end of
the processing system 1 on the negative side of the Y
direction (bottom side 1n FIG. 1) of the processing system 1.
A plurality of, e.g., three cassettes C can be mounted on the
cassette mounting table 20.

The atmospheric pressure transier apparatus 21 transiers
the wafer W into an atmospheric pressure state by a waler
transfer mechanism (not shown). The water transier mecha-
nism 1includes a transfer arm for holding the water W
substantially horizontally. The transter arm 1s configured to
be rotatable, extensible and contractible in a horizontal
direction and movable 1n a vertical direction. Further, the
waler transier mechanism 1s configured to transier the water
W while holding the waler W by the transfer arm.

Further, the load-lock chambers 12 and 13 are connected
to the atmospheric pressure transier apparatus 21 on the
positive side of the Y direction (upper side 1n FIG. 1) of the
atmospheric pressure transier apparatus 21 through gate
valves G1 and G2. Further, the vacuum transfer apparatus 30
of the processing station 11, specifically, a vacuum transfer
chamber 31, to be described later 1s connected to the
load-lock chambers 12 and 13 on the positive side of the Y
direction of the load-lock chambers 12 and 13 through gate
valves G3 and G4.

The processing station 11 includes the vacuum transier
apparatus 30 and a plurality (s1x 1n this example) of vacuum
processing chambers 40, to 40, (hereinafter, may be collec-
tively referred to as “vacuum processing chamber 40”). The
iner atmosphere of each of the vacuum transier apparatus
30 and the vacuum processing chamber 40 are maintained 1n
an atmosphere (vacuum atmosphere) lower than the atmo-
spheric pressure during a series of processes performed on
the water W 1n the processing system 1.

The vacuum transfer apparatus 30 includes a plurality
(three 1n this example) of vacuum transter chambers 31, to
31, (hereinafter, may be collectively referred to as “vacuum
transfer chamber 317) connected through intermediate
chambers 32. Further, the vacuum transfer apparatus 30 1s
formed by integrating the vacuum transier chambers 31
arranged along the Y direction of FIG. 1, intermediate
chambers 32, to 32, (heremafter, may be collectively
referred to as “intermediate chamber 32”) arranged between
the adjacent vacuum transfer chambers 31, and temperature
control chambers 33, to 33, (hereinatter, may be collectively
referred to as “temperature control chamber 33”). Each of
the vacuum transfer chamber 31, the intermediate chamber
32, and the temperature control chamber 33 has a hermeti-
cally sealed housing formed in a substantially polygonal
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shape 1n a plan view. The vacuum transfer apparatus 30 has
a housing (housing 30a 1 FIG. 2 to be described later)
formed by integrating the hermetically sealed housings.
At the outer side of the negative side of the X direction
(left side 1n FIG. 1) of the vacuum transier apparatus 30, 1.e.,
the apparatus width direction of the vacuum transier appa-
ratus 30, the vacuum processing chambers 40, to 40, are
arranged along the Y direction (vertical direction 1n FIG. 1)
that 1s the apparatus depth (front-to-rear) direction and a
connecting direction along which the vacuum transier cham-
bers 31 are connected. The vacuum processing chambers 40,
to 40, are connected to the corresponding vacuum transier
chambers 31. Specifically, the vacuum processing chamber
40, 1s connected to the vacuum transter chambers 31, and
31, respectively through gate valves G11 and G12; the
vacuum processing chamber 40, 1s connected to the vacuum
transter chambers 31, and 31, respectively through gate
valves G13 and G14, respectively; and the vacuum process-

ing chamber 40, 1s connected to the vacuum transier cham-
ber 31, through a gate valve (GG15.

At the outer side of the positive direction of the X
direction (right side 1n FIG. 1) of the vacuum transfer
apparatus 30, the vacuum processing chambers 40, to 40
are arranged along the Y direction (vertical direction 1n FIG.
1) and are connected to the corresponding vacuum transier
chambers 31. Specifically, the vacuum processing chamber
40, 1s connected to the vacuum transter chamber 31, through
a gate valve G16; the vacuum processing chamber 40. 1s
connected to the vacuum transfer chambers 31, and 31,
respectively through gate valves G17 and G18; and the
vacuum processing chamber 40 1s connected to the vacuum
transfer chambers 31, and 31, respectively through gate
valves G19 and G20.

Through each of the vacuum transier chambers 31, the
waler W 1s extracted from a module adjacent thereto (the
vacuum processing chamber 40, the intermediate chamber
32, the temperature control chamber 33, or the load-lock
chambers 12 and 13) and is transierred to another module
adjacent thereto.

A water transfer mechanism 30 for transferring the wafer
W 1s disposed 1n each of the vacuum transfer chambers 31.
The water transfer mechanism 50 has a transfer arm 51 for
holding the wafer W substantially horizontally. The transier
arm 31 1s configured to be rotatable and extensible/contract-
ible 1n the horizontal direction. Further, the water transter
mechanism 50 has an elevating unit 52 disposed below the
transier arm 31. The transier arm 51 can be vertically moved
by the elevating unit 52. The water transier mechanism 30
1s configured to transier the water W while holding the water
W by the transter arm 51. In the following description, a
waler transter mechamsm 50 and a transfer arm 51, 1ndi-
cate the wafer transter mechanism 50 and the transfer arm 51
of the water transfer mechanism 50 disposed 1n the vacuum

e 2

transfer chamber 31, where “n” 1s a natural number from 1
to 3.

Further, each of the vacuum transfer chambers 31 has an
opening (see reference numeral 34 1n FIG. 4 to be described
later) through which the water W 1s transferred to and from
a module (the vacuum processing chamber 40 or the load-
lock chambers 12 and 13) disposed at the outer side of the
vacuum transfer apparatus 30.

The mtermediate chamber 32 serves as, e.g., a relay unit
when the waler W 1s transferred between the adjacent
vacuum transier chambers 31. The inner spaces of the
adjacent vacuum transfer chambers 31 communicate with
cach other through the inner space of the intermediate
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chamber 32, so that the walter W can be transferred between
the adjacent vacuum transter chambers 31.

In this example, the vacuum transier apparatus 30 has
three intermediate chambers 32,, 32,, and 32,, arranged in
that order from the negative side (bottom side in FIG. 1) of
the Y direction (vertical direction in FIG. 1). The interme-
diate chamber 32, 1s not disposed between the vacuum
transfer chambers 31 in the configuration of the processing
system 1. Since, however, the intermediate chamber 32, has
the same configuration as those of the intermediate cham-
bers 32, and 32,, the mtermediate chamber 32, 1s also
described as an “intermediate chamber™ 1n this specification.

Some or all of the intermediate chambers 32 have a
function of controlling the temperature of the wafler W
loaded 1nto the intermediate chamber 32 to a room tempera-
ture. Specifically, some or all of the intermediate chambers
32 have a function of cooling or heating the temperature of
the water W loaded into the intermediate chamber 32 to the
room temperature. In the following description, only the
intermediate chambers 32, and 32, among the intermediate
chambers 32, to 32, have the function of controlling the
temperature of the water W to the room temperature.

The specific configuration of the intermediate chamber 32
will be described later.

The temperature control chamber 33 1s a module for
controlling the temperature of the wafer W to a temperature
higher or lower than the room temperature. Specifically, the
temperature control chamber 33 1s a module for performing
a high-temperature heating process of heating the water W
to a desired temperature higher than the room temperature or
maintaining the water W at the room temperature, or a
low-temperature cooling process of cooling the temperature
of the water W to a desired temperature lower than the room
temperature or maintaining the water W at the room tem-
perature.

In this example, the vacuum transier apparatus 30 has
three temperature control chambers 33, 33,, and 33, dis-
posed along the Y direction (vertical direction mn FIG. 1)
from the negative side of the Y direction (bottom side in
FIG. 1) 1n that order. In the following description, among the
temperature control chambers 33, to 33,, the temperature
control chambers 33, and 33, perform the high-temperature
heating process, and the temperature control chamber 33,
performs the low-temperature cooling process.

The specific configuration of the temperature control
chamber 33 will be described later.

The temperature control chamber 33, and the mntermedi-
ate chamber 32, are arranged to be adjacent to each other 1n
the X direction (right-left direction i FIG. 1), 1.e., the
apparatus width direction. The temperature control chamber
33, and the intermediate chamber 32, are arranged 1n the
same manner. Further, the temperature control chamber 33,
and the intermediate chamber 32, are arranged 1n the same
mannet.

The vacuum processing chamber 40 performs film for-
mation such as physical vapor deposition (PVD) or the like
on the water W. A substrate support 41 on which the wafer
W 1s horizontally placed 1s disposed in the vacuum process-
ing chamber 40. An electrostatic chuck may be disposed on
the substrate support 41, 11 necessary. Further, the substrate
support 41 has a flow path for a temperature control medium
or a heating plate as a temperature control mechanism (not
shown) for controlling a temperature of the wafter W to a
desired temperature by controlling a temperature of the
substrate support 41 on which the water W 1s placed to a
desired temperature.
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For example, in the vacuum processing chamber 40, the
temperature of the substrate support 41 1s controlled to the
room temperature and a Ta film 1s formed as an electrode
layer or an under layer. In the vacuum processing chamber
40.,, the temperature of the substrate support 41 1s controlled
to a high temperature and a Co film or a Pt film 1s formed
as a fixed layer of a magnetoresistive element. In the vacuum
processing chamber 40,, the temperature of the substrate
support 41 1s controlled to a room temperature and a CoFeB
f1lm 1s formed as a reference layer. Further, for example, 1n
the vacuum processing chamber 40, the temperature of the
substrate support 41 1s controlled to a high temperature and
an MgO film 1s formed as a barrier layer. In the vacuum
processing chamber 40., the temperature of the substrate
support 41 1s controlled to an extremely low temperature and
a CoFeB film 1s formed as a free layer. In the vacuum
processing chamber 40, the temperature of the substrate
support 41 1s controlled to a room temperature and a Ta film
or a Ru film 1s formed as a cap layer or an electrode layer.

The processing system 1 configured as described above
includes a controller (CNT) 60. The controller 60 1s, e.g., a
computer having a CPU, a memory, and the like, and
includes a program storage unit (not shown). The program
storage unit stores programs and the like for implementing
a waler processing to be described later i the processing
system 1. The programs may be stored in a computer-
readable storage medium and 1installed 1n the controller 60
from the storage medium. Further, a part or all of the
programs may be realized by a dedicated hardware (circuit
board).

Next, the intermediate chamber 32 and the temperature
control chamber 33 will be described 1n detail.

FIG. 2 1s a vertical cross-sectional view of the interme-
diate chamber 32, shown 1n FIG. 1 and neighboring com-
ponents thereof. FIG. 3 1s a vertical cross-sectional view of
the temperature control chamber 33, and neighboring com-
ponents thereof. FIG. 4 1s a horizontal cross-sectional view
of the intermediate chamber 32,, the temperature control
chamber 33,, and neighboring components thereof, includ-
Ing a cross section taken along a line IV-IV of FIG. 2 and a
cross section taken along a line IV-IV of FIG. 3. FIG. 5 1s
a cross-sectional view of the intermediate chamber 32,, the
temperature control chamber 33,, and neighboring compo-
nents thereof, including a cross section taken along a line

V-V of FIG. 2 and a cross section taken along a line V-V of
FIG. 3.

As shown 1n FIG. 2, a first water loading/unloading port
101 1s disposed between the intermediate chamber 32, and
the vacuum transfer chamber 31,, and a second waler
loading/unloading port 102 1s disposed between the inter-
mediate chamber 32, and the vacuum transfer chamber 31,.
The 1nner space of the intermediate chamber 32, and the
inner space of the vacuum transter chamber 31, communi-
cate with each other by the first waler loading/unloading
port 101, and the inner space of the mtermediate chamber
32, and the 1nner space of the vacuum transfer chamber 31,
communicate with each other by the second wafer loading/
unloading port 102.

A gate valve G31 1s disposed only at the second wafer
loading/unloading port 102 between the first water loading/
unloading port 101 and the second wafer loading/unloading
port 102.

In other words, the first and second water loading/unload-
ing ports 101 and 102 are disposed at both ends of the
intermediate chamber 32, 1n a connecting direction that the
vacuum transier chambers 31 are connected (right-left direc-
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tion 1n FIG. 2), but the gate valve G31 1s disposed only at the
second water loading/unloading port 102.

Further, the first wafer loading/unloading port 101 and the
second waler loading/unloading port 102 have different
height positions.

A substrate support 110 on which the water W 1s hori-
zontally placed 1s disposed 1n the intermediate chamber 32,
and has a circular shape in a plan view. An electrostatic
chuck 111 1s disposed on the substrate support 110. A
cooling mechanism 112 for cooling the water W to a room
temperature 1s disposed in the substrate support 110. The
cooling mechanism 112 1s, e.g., a flow path for cooling
water.

Further, an upper end of a supporting member 113 extend-
ing in the vertical direction 1s connected to the center of a
bottom surface of the substrate support 110. A lower end of
the supporting member 113 1s connected to a bottom wall of
the housing 30a.

A waler eclevating mechanism 120 that 1s a substrate
clevating mechanism 1s disposed below the substrate support
110 1n the intermediate chamber 32,. The wafer elevating
mechanism 120 includes a waler elevating member 121, a
supporting column 122, and an elevating mechamism 123. A
plurality of, e.g., three, supporting pins 121a extending in
the vertical direction are disposed on an upper surface of the
waler elevating member 121. The supporting column 122
extends 1n the vertical direction. An upper end of the
supporting column 122 1s connected to a bottom surface of
the wafer elevating member 121, and a lower end of the
supporting column 122 1s connected to the elevating mecha-
nism 123. The elevating mechanism 123 drives the waler
clevating member 121 1n the vertical direction. As the wafer
clevating member 121 1s vertically moved by driving the
clevating mechanism 123, the supporting pins 121a protrude
beyond and retract below an upper surface of the substrate
support 110 through through-holes 110a formed in the
substrate support 110. Due to the vertical movement of the
waler elevating member 121 and the vertical movement of
the supporting pins 121a, the water W can be transierred
between the supporting pins 121a and the transier arm 51 of
the wafler transfer mechanism 50 inserted from the first
waler loading/unloading port 101 or the second water load-
ing/unloading port 102, or between the substrate support 110
and the supporting pins 121a.

As shown 1n FIG. 3, the vacuum transfer chambers 31,
and 31, are disposed adjacent to the temperature control
chamber 33,, and a third wafer loading/unloading port 201
1s disposed only between the temperature control chamber
33, and the vacuum transfer chamber 31, and no wafer
loading/unloading port 1s disposed between the temperature
control chamber 33, and the vacuum transier chamber 31;.
The 1nner space of the temperature control chamber 33, and
the mner space of the vacuum transter chamber 31, com-
municate with each other through the third water loading/
unloading port 201.

A gate valve G32 1s disposed at the third water loading/
unloading port 201.

The height position of the third wafer loading/unloading,
port 201 1s substantially the same as that of the second water
loading/unloading port 102 of the intermediate chamber 32,
and 1s diflerent from that of the first water loading/unloading
port 101 of the intermediate chamber 32,.

A substrate support 210 on which the water W 1s hori-
zontally placed 1s disposed 1n the temperature control cham-
ber 33, and has a circular shape 1n a plan view. An electro-
static chuck 211 1s disposed on the substrate support 210. A
heating mechanism 212 for heating the water W to a desired
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temperature higher than a room temperature or maintaining
the walter W at the room temperature i1s disposed in the
substrate support 210. The heating mechanism 212 may be,
¢.g., a resistance heater.

Further, an upper end of a supporting member 213 extend-
ing in the vertical direction 1s connected to the center of a
bottom surface of the substrate support 210. A lower end of
the supporting member 213 1s connected to a bottom wall of
the housing of the temperature control chamber 33.,.

A waler elevating mechanism 220 1s disposed below the
substrate support 210 1n the temperature control chamber
33,. The water elevating mechamism 220 includes a wafer
clevating member 221, a supporting column 222, and an
clevating mechanism 223. A plurality of, e.g., three, sup-
porting pins 221a extending i1n the vertical direction are
disposed on an upper surface of the water elevating member
221. The supporting column 222 extends in the vertical
direction. An upper end of the supporting column 222 1is
connected to a bottom surface of the waler elevating mem-
ber 221, and a lower end of the supporting column 222 1s
connected to the elevating mechamism 223. The elevating
mechanism 223 drives the waler elevating member 221 in
the vertical direction. As the water elevating member 221 1s
vertically moved by driving the elevating mechanism 223,
the supporting pins 221a protrude beyond and retract below
an upper surface of the substrate support 210 through
through-holes 210a formed in the substrate support 210.
Due to the vertical movement of the water elevating member
221 and the vertical movement of the supporting pins 221a,
the water W can be transferred between the supporting pins
221a and the transfer arm 51 of the wafer transier mecha-
nism 30 mserted from the third wafer loading/unloading port
201, or between the substrate support 210 and the supporting
pins 221a.

Further, a distance from the center of the substrate support
210 1n the temperature control chamber 33, to the rotation
center of the waler transfer mechanism 50 and a distance
from the center of the substrate support 110 1n the interme-
diate chamber 32, to the rotation center of the water transter
mechanism 50 are smaller than or equal to a distance from
the rotation center of the water transfer mechanism 50 to the
center of the substrate support 41 of the vacuum processing
chamber 40. In other words, the substrate support 210 in the
temperature control chamber 33, and the substrate support
110 in the intermediate chamber 32, are arranged within a
rotation range ol the arm of the watler transifer mechanism
50.

The gate valve G32 provided for the temperature control
chamber 33, 1s not disposed on the plane where the water W
1s transierred with respect to the first water loading/unload-
ing port 101. In other words, as shown 1n FIGS. 3 and 4, the
gate valve (G32 1s not disposed on the same horizontal plane
as the first water loading/unloading port 101. Specifically,
the gate valve G32 1s disposed at an upper portion of the
vacuum transfer apparatus 30 so as not to be disposed on the
same horizontal plane as the first water loading/unloading
port 101. Therefore, as shown 1n FIG. 5, even when the gate
valve G32 and the first water loading/unloading port 101 are
partially overlapped with each other 1n the X direction, 1.¢.,
the apparatus width direction 1 a plan view, the loading/
unloading of the water W through the first wafer loading/
unloading port 101 1s not hindered.

As described above, the gate valves G31 and G32 are
disposed at the second water loading/unloading port 102 and
the third water loading/unloading port 201, respectively, and
no gate valve 1s disposed at the first water loading/unloading
port 101. This indicates that, 1n the intermediate chamber
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32, and the temperature control chamber 33,, the gate valves
(G31 and G32 are disposed at different positions 1 the
connecting direction that the vacuum transfer chambers 31
are connected, 1.e., 1n the apparatus depth direction (Y
direction) and that the gate valves G31 and G32 are also
disposed at different positions 1n the apparatus width direc-
tion (X direction).

Further, the vacuum ftransier chamber 31 has multiple
openings 34 for connecting the vacuum processing chamber
40 and the load-lock chambers 12 and 13. These openings 34
have the same height position as that of the first waler
loading/unloading port 101. In other words, these openings
34 are disposed on the same horizontal plane as the first
waler loading/unloading port 101. Further, the height posi-
tions of the first water loading/unloading port 101 and the
openings 34 are different from the height positions of the
second waler loading/unloading port 102 and the third water
loading/unloading port 201. In order to cope with the
difference in the height positions, the water transfer mecha-
nism 50 i each vacuum transfer chamber 31 has the
clevating unit 52 as described above. For example, the water
W unloaded from the intermediate chamber 32, or the
temperature control chamber 33, through the second water
loading/unloading port 102 or the third water loading/
unloading port 201 can be moved downward by the elevat-
ing unit 52. Accordingly, the water W can be loaded 1nto the
vacuum processing chamber 40 through the opening 34.

Since the structures of the intermediate chambers 32, and
32, are the same as that of the intermediate chamber 32, and
the structures of the temperature control chambers 33, and
33, are the same as that of the temperature control chamber
33,, the description thereof will be omitted. However, the
substrate support 110 and the supporting member 113 in the
intermediate chamber 32, may be omitted, and the second
waler loading/unloading port 102 and the gate valve G31
provided for the intermediate chamber 32, may be omitted.
In addition, the temperature control chamber 33, 1s provided
with a cooling mechanism for cooling the water W to a
desired temperature lower than the room temperature or
maintaining the water W at the room temperature, instead of
the heating mechanism 212. The cooling mechanism 1s, e.g.,
a flow path for a coolant having a temperature of 0° C. or
lower.

Next, the waler processing using the processing system 1
configured as described above will be described.

First, the cassette C containing a plurality of wafers W 1s
loaded 1nto the cassette station 10 of the processing system
1 and mounted on the cassette mounting table 20. Then, a
waler transfer mechanism (not shown) of the atmospheric
pressure transier apparatus 21 extracts one walter W from the
cassette C. The gate valve G1 1s opened and the water W 1s
loaded 1nto the load-lock chamber 12. When the water W 1s
loaded 1nto the load-lock chamber 12, the gate valve G1 1s
closed and the load-lock chamber 12 1s sealed and depres-
surized. Thereatter, the gate valve G3 1s opened, and the
load-lock chamber 12 and the vacuum transter chamber 31,
maintained 1n the vacuum atmosphere communicate with
each other. Then, the water W 1s unloaded from the load-
lock chamber 12 and loaded into the vacuum {transier
chamber 31, by a transfer arm 51, of a waler transfer
mechanism 50, .

Next, the gate valve G3 1s closed and the gate valve G11
1s opened, so that the vacuum transter chamber 31, and the
vacuum processing chamber 40, commumnicate with each
other. Then, the waler W 1s placed on the substrate support
41 having a room temperature in the vacuum processing
chamber 40, by the transfer arm 351, of the water transfer
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mechanism 350, and the wafer elevating mechanism (not
shown) 1n the vacuum processing chamber 40, .

A degas chamber (not shown) for heating and degassing
the wafer W may be provided in the vacuum transier
chamber 31, so that the degas process can be performed on
the water W 1n the degas chamber before the waler W 1s
loaded 1nto the vacuum processing chamber 40, .

After the waler W 1s placed on the substrate support 41,
the gate valve G11 1s closed and the vacuum processing
chamber 40, 1s sealed. Then, film formation 1s performed on
the wafer W in the vacuum processing chamber 40, . Accord-
ingly, a Ta film 1s formed as, ¢.g., an electrode layer or a base
layer, on the water W.

When the processing in the vacuum processing chamber
40, 1s completed, the gate valve G12 i1s opened, and the
vacuum processing chamber 40, and the vacuum transfer
chamber 31, communicate with each other. Then, the wafer
W 1s unloaded from the vacuum processing chamber 40, and
loaded 1nto the vacuum transfer chamber 31, by a transfer
arm 31, of a waler transfer mechanism 50,.

Next, the gate valve G12 1s closed and the gate valve G13
1s opened so that the vacuum transfer chamber 31, and the
vacuum processing chamber 40, communicate with each
other. Then, the water W 1s placed on the substrate support
41 1 the vacuum processing chamber 40, that has been
pre-heated to a high temperature by the transfer arm 51, of
the water transfer mechanism 50, and the waler elevating
mechanism (not shown) 1n the vacuum processing chamber
40,

After the water W 1s placed on the substrate support 41,
the gate valve G13 1s closed and the vacuum processing
chamber 40, 1s sealed. Then, film formation 1s performed on
the wafer W 1n the vacuum processing chamber 40,. Accord-
ingly, a Co film or a Pt film 1s formed as, e.g., a fixed layer
ol a magnetoresistive element, on the wafer W.

When the processing 1n the vacuum processing chamber
40, 1s completed, the gate valve G14 1s opened, and the
vacuum processing chamber 40, and the vacuum transier
chamber 31, communicate with each other. Then, the water
W 1s unloaded from the vacuum processing chamber 40, and
loaded 1nto the vacuum transter chamber 31, by a transfer
arm 51, of a water transter mechanism 50,.

Next, the gate valve (G14 1s closed and the gate valve G15
1s opened so that the vacuum transfer chamber 31, and the
vacuum processing chamber 40, commumnicate with each
other. Then, the waler W 1s placed on the substrate support
41 having a room temperature in the vacuum processing
chamber 40, by the transfer arm 51, of the waler transfer
mechanism 50, and the wafer elevating mechanism (not
shown) 1n the vacuum processing chamber 40,.

After the water W 1s placed on the substrate support 41,
the gate valve G15 1s closed and the vacuum processing
chamber 40, 1s sealed. Then, film formation 1s performed on
the water W 1n the vacuum processing chamber 40,. Accord-
ingly, a CoFeB film 1s formed as, e.g., a reference layer, on
the waler W.

When the processing in the vacuum processing chamber
40, 1s completed, the gate valve G135 1s opened and the
vacuum processing chamber 40, and the vacuum transier
chamber 31, communicate with each other. Then, the wafer
W 1s unloaded from the vacuum processing chamber 40, and
loaded 1nto the vacuum transier chamber 31, by the transfer
arm 51, of the wafer transfer mechanism 50,.

Next, the gate valve G15 1s closed and the gate valve G16
1s opened so that the vacuum transfer chamber 31, and the
vacuum processing chamber 40, commumicate with each
other. Then, the water W 1s placed on the substrate support
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41 in the vacuum processing chamber 40, that has been
pre-heated to a high temperature by the transfer arm 51, of
the waler transfer mechanism 50, and the wafer elevating
mechanism (not shown) 1n the vacuum processing chamber
40,,.

After the waler W 1s placed on the substrate support 41,
the gate valve (G16 1s closed and the vacuum processing
chamber 40, 1s sealed. Then, film formation 1s performed on
the water W 1n the vacuum processing chamber 40,. Accord-

ingly, an MgO {ilm 1s formed as, €.g., a barrier layer, on the
waler W.

When the processing 1n the vacuum processing chamber
40, 1s completed, the gate valve G16 1s opened, and the
vacuum processing chamber 40, and the vacuum transter
chamber 31, communicate with each other. Then, the wafer
W 1s unloaded from the vacuum processing chamber 40, and
loaded 1nto the vacuum transter chamber 31, by the transter
arm 31, of the waler transter mechamsm 50,.

Next, the gate valve (516 1s closed and the gate valve G32
for the temperature control chamber 33, 1s opened, so that
the vacuum transfer chamber 31, and the temperature con-
trol chamber 33, communicate with each other. Then, the
waler W 1s placed on the substrate support 210 in the
temperature control chamber 33, that has been pre-heated to
a high temperature by the transter arm 51, of the wafer
transfer mechanism 50, and the water elevating mechanism
220 1n the temperature control chamber 33..

After the water W 1s placed on the substrate support 210,
the gate valve G32 1s closed and the temperature control
chamber 33, 1s sealed. This state 1s maintained for a desired
period ol time. Accordingly, the waler W 1s thermally
processed at a high temperature, and the film quality 1s
improved.

When the high-temperature heat treatment 1s completed,
the gate valve G32 for the temperature control chamber 33,
1s opened, and the temperature control chamber 33, and the
vacuum transier chamber 31, communicate with each other.
Then, the water W 1s unloaded from the temperature control
chamber 33, and loaded into the vacuum transter chamber
31, by the transier arm 51, of the water transfer mechanism
50,.

Then, the water W 1s placed on the substrate support 110
in the intermediate chamber 32, by the transfer arm 515 of
the wafer transfer mechanism 50, and the wafer elevating
mechanism 120 in the intermediate chamber 32, communi-
cating with the vacuum transfer chamber 31,. Accordingly,
the temperature of the waler W 1s returned to the room
temperature. Hence, when the next step 1s performed, rapid
temperature changes of the waler W can be suppressed and
damages to the waler W or the substrate support can be
suppressed.

Thereatter, the water W 1s unloaded from the intermediate
chamber 32, and loaded into the vacuum transter chamber
31, by the transier arm 51, of the water transfer mechanism
50,.

Next, the gate valve G17 1s opened and the vacuum
transfer chamber 31, and the vacuum processing chamber
40. communicate with each other. Then, the water W 1s
placed on the substrate support 41 that has been pre-cooled
to an extremely low temperature in the vacuum processing,
chamber 40 by the transfer arm 351, of the waler transfer
mechanism 50, and the wafer elevating mechanism (not
shown) 1n the vacuum processing chamber 40..

After the waler W 1s placed on the substrate support 41,
the gate valve G17 1s closed and the vacuum processing
chamber 40 1s sealed. Then, film formation is performed on
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the water W 1n the vacuum processing chamber 40.. Accord-
ingly, a CoFeB film 1s formed as, e.g., a free layer, on the
waler W,

When the processing in the vacuum processing chamber
40. 1s completed, the gate valve G18 1s opened, and the
vacuum processing chamber 40. and the vacuum transier
chamber 31, communicate with each other. Then, the wafer
W 1s unloaded from the vacuum processing chamber 40 and
loaded 1nto the vacuum transter chamber 31, by the transter
arm 31, of the wafer transter mechanism 50.,.

Next, the gate valve G18 1s closed, and the waler W 1s
placed on the substrate support 110 in the intermediate
chamber 32, by the transter arm 51, of the wafer transier
mechanism 50, and the water elevating mechanism 120 in
the intermediate chamber 32, communicating with the
vacuum transfer chamber 31,. Accordingly, the temperature
of the water W 1s returned to the room temperature.

Then, the water W 1s unloaded from the intermediate
chamber 32, and loaded into the vacuum transfer chamber
31, by the transfer arm 51, of the wafer transfer mechanism
50.,.

Next, the gate valve G32 for the temperature control
chamber 33, 1s opened, and the vacuum transter chamber
31, and the temperature control chamber 33, communicate
with each other. Then, the water W 1s placed on the substrate
support 210 that has been pre-heated to a high temperature
in the temperature control chamber 33, by the transfer arm
51, of the watfer transter mechanism 350, and the wafer
clevating mechanism 220 in the temperature control cham-
ber 33..

After the water W 1s placed on the substrate support 210,
the gate valve G32 1s closed and the temperature control
chamber 33, 1s sealed. This state 1s maintained for a desired
period ol time. Accordingly, the water W 1s thermally
processed at a high temperature, and the film quality 1s
improved.

When the high-temperature heat treatment 1s completed,
the gate valve G32 for the temperature control chamber 33,
1s opened, and the temperature control chamber 33, and the
vacuum transter chamber 31, communicate with each other.
Then, the water W 1s unloaded from the temperature control
chamber 33, and loaded 1nto the vacuum transfer chamber
31, by the transter arm 51, of the water transfer mechanism
50,.

Next, the gate valve G31 for the intermediate chamber 32,
1s opened, and the vacuum ftransier chamber 31, and the
vacuum transfer chamber 31, communicate with each other
through the intermediate chamber 32,. Then, the water W 1s
unloaded from the vacuum transfer chamber 31, and loaded
into the vacuum transier chamber 31, through the interme-
diate chamber 32, by the transfer arm 51, of the wafer
transier mechanism 50,, the water elevating mechanism 120
in the intermediate chamber 32,, and the transfer arm 51, of
the water transter mechanism 50, .

Next, the gate valve G31 1s closed and the gate valve G32
for the temperature control chamber 33, 1s opened, so that
the vacuum transfer chamber 31, and the temperature con-
trol chamber 33, communicate with each other. Then, the
waler W 1s placed on the substrate support 210 that has been
pre-cooled to a temperature lower than the room temperature
in the temperature control chamber 33, by the transfer arm
51, of the wafer transfer mechanism 350, and the wafer
clevating mechanism 220 in the temperature control cham-
ber 33,.

After the water W 1s placed on the substrate support 210,
the gate valve G32 1s closed and the temperature control
chamber 33, 1s sealed. This state 1s maintained for a desired
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period of time. Accordingly, the water W 1s cooled to a
temperature lower than the room temperature, and the film
quality can be stabilized.

When the above cooling process 1s completed, the gate
valve (G32 for the temperature control chamber 33, 1s
opened, and the temperature control chamber 33, and the
vacuum transfer chamber 31, communicate with each other.
Then, the water W 1s unloaded from the temperature control
chamber 33, and loaded 1nto the vacuum transter chamber
31, by the transfer arm 51, of the wafer transfer mechanism
50,.

Next, the gate valve G32 1s closed and the gate valve G20
1s opened, so that the vacuum transier chamber 31, and the
vacuum processing chamber 40, communicate with each
other. Then, the waler W 1s placed on the substrate support
41 having a room temperature in the vacuum processing
chamber 40, by the transfer arm 51, of the wafer transfer
mechanism 50, and the wafer elevating mechamism (not
shown) 1n the vacuum processing chamber 40..

After the waler W 1s placed on the substrate support 41,
the gate valve G20 1s closed and the vacuum processing,
chamber 40 1s sealed. Then, film formation is performed on
the water W 1n the vacuum processing chamber 40 .. Accord-
ingly, a Ta film or a Ru film 1s formed as, e.g., a cap layer
or an electrode layer, on the water W.

When the processing 1n the vacuum processing chamber
40, 1s completed, the gate valve G20 1s opened, and the
vacuum processing chamber 40, and the vacuum transfer
chamber 31, communicate with each other. Then, the wafer
W 1s unloaded from the vacuum processing chamber 40, and
loaded 1nto the vacuum transter chamber 31, by the transfer
arm 31, of the wafer transter mechamsm 50, .

Thereafter, the waler W 1s returned to the original cassette
C through the load-lock chamber 13 in the reverse order of
the operation of loading the water W from the cassette C.

In some cases, the cooling process 1 the temperature
control chamber 33, may not be necessary. In such a case,
the water W may be transierred to the vacuum processing,
chamber 40, through the gate valve G19 without passing
through the intermediate chamber 32, or the like.

As described above, in the present embodiment, the
vacuum transier apparatus 30 for transferring the water W
includes the plurality of vacuum transier chambers 31, each
having therein the wafer transfer mechamism 50 for holding
and transierring the water W, and the intermediate chamber
32 disposed between the adjacent vacuum transier chambers
31. Further, when one of the vacuum transter chambers 31
adjacent to each other 1s set as the first vacuum transfer
chamber 31 and the other i1s set as the second vacuum
transier chamber 31, the first waler loading/unloading port
101 1s provided between the intermediate chamber 32 and
the first vacuum transfer chamber 31 and the second water
loading/unloading port 102 1s provided between the inter-
mediate chamber 32 and the second vacuum transfer cham-
ber 31. The gate valve G31 1s provided only for the second
waler loading/unloading port 102 between the first waler
loading/unloading port 101 and the second wafer loading/
unloading port 102. Theretfore, compared to the case where
the gate valves are disposed at both of the first waler
loading/unloading port 101 and the second water loading/
unloading port 102, the footprint 1n the connecting direction
that the vacuum transfer chambers of the vacuum transier
apparatus 30 are connected, 1.e., the footprint 1n the appa-
ratus depth direction, can be reduced, which makes it
possible to scale down the vacuum transier apparatus 30.
Further, in the present embodiment, the first water loading/
unloading port 101 and the second water loading/unloading,
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port 102 have different height positions, so that the follow-
ing structure can be employed and the footprint of the
vacuum transier apparatus 30 can be further reduced. For
example, 1t 1s possible to employ the structure 1n which the
temperature control chamber 33 1s disposed adjacent to the
intermediate chamber 32 1n the apparatus width direction;
the third water loading/unloading port 201 whose height
position 1s different from that of the first waler loading/
unloading port 101 1s disposed only between the first
vacuum transier chamber 31 and the temperature control
chamber 33, not between the second vacuum transter cham-
ber 31 and the temperature control chamber 33; and the gate
valve G32 1s disposed at the third water loading/unloading
port 201.

In the case of employing such a structure, when 1t 1s
necessary to provide the gate valve G32 for the temperature
control chamber 33 disposed adjacent to the intermediate
chamber 32 in the apparatus width direction, the loading/
unloading of the water W through the first wafter loading/
unloading port 101 1s not disturbed by the gate valve G32.
Particularly, even 1f the gate valve G32 1s close to the first
waler loading/unloading port 10 1n the apparatus width
direction, the loading/unloading of the water W through the
first water loading/unloading port 101 1s not disturbed by the
gate valve G32. Therefore, by employing the above struc-
ture, the distance between the intermediate chamber 32 and
the temperature control chamber 33 1n the apparatus width
direction can be shortened by reducing the distance 1n the
apparatus with direction between the first wafer loading/
unloading port 101 and the gate valve G32 (i.e., the third
waler loading/unloading port 201 provided with the gate
valve G32). Accordingly, the footprint of the vacuum trans-
ter apparatus 30 can be reduced. Since the distance between
the intermediate chamber 32 and the temperature control
chamber 33 in the apparatus width direction can be short-
ened as described, the vacuum processing chambers 40 can
be arranged closer to the center of the apparatus width
direction. Therefore, 1t 1s possible to further reduce the
footprint 1n the apparatus width direction of the processing
system 1 including the vacuum transier apparatus 30 of the
present embodiment to thereby scale down the processing
system 1.

Further, 1n the present embodiment, the gate valve G32
and the first water loading/unloading port 101 are arranged
to be partially overlapped with each other 1in the apparatus
width direction m a plan view. With this structure, the
distance between the intermediate chamber 32 and the
temperature control chamber 33 in the apparatus width
direction can be further reduced, so that the footprint of the
vacuum transfer apparatus 30 can be further reduced.

The water loading/unloading port provided for the tem-
perature control chamber 33 1s provided for only one of the
two vacuum transier chambers 31 adjacent to the tempera-
ture control chamber 33. Accordingly, the number of gate
valves can be reduced, and thus the footprint of the vacuum
transier apparatus 30 can be reduced.

Further, 1n the present embodiment, the gate valves G31
and G32 are disposed at the upper portion of the vacuum
transier apparatus 30.

A driving unit (not shown) for the water transfer mecha-
nism 50 1s disposed at the lower portion of the vacuum
transier apparatus 30. Therefore, when the gate valves G31
and G32 are disposed at the lower portion of the vacuum
transier apparatus 30, 1t 1s required to increase the footprint
to prevent the driving of the gate valves G31 and G32 from
being disturbed by the driving unit. Further, 1t 1s diflicult to
perform the maintenance of the gate valves G31 and G32.
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Such a problem can be solved by arranging the gate valves
(31 and G32 at the upper portion of the vacuum transier
apparatus 30.

In the present embodiment, due to the presence of the
temperature control chamber 33 and the intermediate cham-
ber 32 having the substrate support 110 capable of control-
ling the temperature of the waler W, the waler W can be
pre-heated and pre-cooled 1n the temperature control cham-
ber 33 and the intermediate chamber 32. Theretfore, the
processing time 1 each vacuum processing chamber 40 can
be reduced. Accordingly, the productivity can be improved.

Conventionally, a module having a structure similar to
that of the vacuum processing chamber 40, which 1s dedi-
cated to pre-heating or pre-cooling, was used. The process-
ing system 1 including the vacuum transier apparatus 30 of
the present embodiment does not require such a module, so
that the footprint of the processing system 1 can be reduced
compared to the conventional case.

Further, since the waler W can be pre-heated or pre-
cooled, the temperature difference between the substrate
support 41 of the vacuum processing chamber 40 and the
waler W placed on the substrate support 41 can be reduced.
Theretfore, damage to the water W and the substrate support
41 which can be caused by the temperature difference can be
reduced.

In the processing system 1 having the vacuum transier
apparatus 30 of the present embodiment, the vacuum pro-
cessing chambers 40, to 40, are arranged 1n a U shape and
can be used in that order. Further, one wafer W 1s not
transferred to the same vacuum processing chamber 40
multiple times. In other words, the water W can be trans-
terred without revisiting the same vacuum processing cham-
ber 40. The same vacuum processing chamber 40 may be
used multiple times to perform the above-described pre-
heating or the like; however, the productivity deteriorates.
On the other hand, in the present embodiment, since the
waler W can be transferred without revisiting the same
vacuum processing chamber 40, the productivity does not
deteriorate even 1f the pre-heating or the like 1s performed.

In the above description, the temperature control chamber
33 is arranged adjacent to the intermediate chamber 32 1n the
apparatus width direction. However, instead of the tempera-
ture control chamber 33, another intermediate chamber may
be arranged adjacent to the intermediate chamber 32. In
other words, the intermediate chambers may be arranged 1n
the apparatus width direction. In this case, the gate valves for
both of the intermediate chambers are disposed at diagonally
opposite positions 1n the apparatus depth direction.

Although the film formation has been described as an
example i the above embodiment, the substrate transfer
apparatus ol the present embodiment can be applied to
another process such as etching or the like instead of the film
formation or in addition to the film formation.

The presently disclosed embodiments of the present dis-
closure are considered m all respects to be illustrative and
not restrictive. The above-described embodiments can be
embodied 1n various forms. Further, the above-described
embodiments may be omitted, replaced, or changed 1in
vartous forms without departing from the scope of the
appended claims and the gist thereof.

The following configurations are also included in the
technical scope of the present disclosure.

(1) A substrate transfer apparatus for transierring a sub-
strate 1ncludes: a plurality of vacuum transfer chambers,
cach having therein a substrate transfer mechanism for
holding and transferring the substrate; and an intermediate
chamber disposed between the vacuum transier chambers
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adjacent to each other. When one of the vacuum transfer
chambers adjacent to each other 1s set as a first vacuum
transfer chamber and the other 1s set as a second vacuum
transter chamber, a first substrate loading/unloading port 1s
disposed between the intermediate chamber and the first
vacuum transier chamber and a second substrate loading/
unloading port 1s disposed between the imtermediate cham-
ber and the second vacuum transier chamber. Further, a gate
valve 1s provided for the second substrate loading/unloading
port between the first substrate loading/unloading port and
the second substrate loading/unloading port, and the first
substrate loading/unloading port and the second substrate
loading/unloading port have different height positions.

In accordance with the configuration (1), the footprint of
the substrate transfer apparatus in the connecting direction
that the vacuum transier chambers are connected can be
reduced, so that the substrate transfer apparatus can be
scaled down. Further, since the first substrate loading/un-
loading port and the second substrate loading/unloading port
have different height positions, 1t 1s possible to employ a
structure capable of further reducing the footprint of the
substrate transfer apparatus.

(2) The substrate transfer apparatus of the configuration
(1) further includes a temperature control chamber that 1s
disposed at a position adjacent to the intermediate chamber
between the vacuum transier chambers adjacent to each
other to control a temperature of the substrate, and a third
substrate loading/unloading port 1s disposed between the
temperature control chamber and only one of the first
vacuum transfer chamber and the second vacuum transier
chamber.

(3) In the substrate transier apparatus of the configuration
(2), a gate valve 1s disposed at the third substrate loading/
unloading port.

(4) In the substrate transier apparatus of the configuration
(3), the third substrate loading/unloading port 1s disposed
between the first vacuum transier chamber and the tempera-
ture control chamber, and a height position of the third
substrate loading/unloading port 1s different from a height
position of the first substrate loading/unloading port.

In accordance with the configuration (4), the footprint of
the substrate transier apparatus and the footprint of the
processing system including the substrate transfer apparatus
can be further reduced.

(5) In the substrate transfer apparatus of any one of the
configurations (1) to (4), the intermediate chamber 1ncludes
a substrate support that controls a temperature of the sub-
strate placed thereon.

(6) In the substrate transfer apparatus of any one of the
configurations (1) to (5), the gate valve 1s disposed at an
upper portion of the substrate transier apparatus.

(7) A substrate transter method using the substrate transier
apparatus of any one of the configurations (1) to (6) 1s
provided.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the disclosures.
Indeed, the embodiments described herein may be embodied
in a variety of other forms. Furthermore, various omissions,
substitutions and changes 1n the form of the embodiments
described herein may be made departing from the spirit of
the disclosures. The accompanying claims and their equiva-
lents are mntended to cover such forms or modifications as
would fall within the scope and spirit of the disclosures.

The mvention claimed 1s:

1. A substrate transfer apparatus for transierring a sub-
strate, comprising:
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a plurality of vacuum transfer chambers, each having
therein a substrate transfer mechanism for holding and
transierring the substrate;

an intermediate chamber disposed between the vacuum
transier chambers adjacent to each other; and

a temperature control chamber that 1s disposed at a
position adjacent to the mtermediate chamber between
the vacuum transier chambers adjacent to each other to

control a temperature of the substrate,

wherein when one of the vacuum transfer chambers
adjacent to each other 1s set as a first vacuum transfer
chamber and the other 1s set as a second vacuum
transfer chamber, the first vacuum transfer chamber, the
second vacuum transfer chamber, the intermediate
chamber and the temperature control chamber are dis-
posed on the same horizontal plane,

a first substrate loading/unloading port 1s disposed
between the intermediate chamber and the first vacuum
transier chamber and a second substrate loading/un-
loading port 1s disposed between the intermediate
chamber and the second vacuum transter chamber,

a gate valve 1s provided for the second substrate loading/
unloading port between the first substrate loading/
unloading port and the second substrate loading/un-
loading port, and

the first substrate loading/unloading port and the second
substrate loading/unloading port have different height
positions,
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wherein when the gate valve 1s opened, the first vacuum
transfer chamber and the second vacuum transier
chamber communicate with each other through the
intermediate chamber,

wherein a third substrate loading/unloading port 1s dis-

posed between the temperature control chamber and
only one of the first vacuum transier chamber and the
second vacuum transifer chamber,

a further gate valve 1s disposed at the third substrate

loading/unloading port, and

the third substrate loading/unloading port 1s disposed

between the first vacuum transfer chamber and the
temperature control chamber, and a height position of
the third substrate loading/unloading port 1s difierent
from a height position of the first substrate loading/
unloading port.

2. The substrate transier apparatus of claim 1, wherein the
intermediate chamber includes a substrate support that con-
trols a temperature of the substrate placed thereon.

3. The substrate transier apparatus of claim 2, wherein the
gate valve 1s disposed at an upper portion of the substrate
transier apparatus.

4. The substrate transier apparatus of claim 1, wherein the
gate valve 1s disposed at an upper portion of the substrate
transier apparatus.

5. A substrate transier method using the substrate transfer
apparatus described 1n claim 1.
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